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ABSTRACT 


It has been predicted that point source radiation which 
is at near-grazing incidence to a slightly rough surface 
generates a boundary wave in the fluid as well as the 
Member Known volume wave (=. Tolstoy, J. Acoust. Soc. An., 
63, S60 (1978)). Anechoic chamber experiments, using a 
surface constructed of rigid hemispheres on a rigid plate, 
have been performed to compare with theory. The experiments 
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Quency when the source and receiver are on the boundary. 
However the predicted wa growth with range reaches a limit 
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experimental values of the scattered sound show some 
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i NTR OpUCTION 


At the 95th meeting of the Acoustical Society of America 
mie o78), 1. Tolstoy outlined his application of a theory 
Mee, BDLOt describing sound scatter from slightly rough 
surfaces at near-grazing incidence. This theory, using 
Emgeunaary condition due to Biot (Biot 1968), is first 
order in the roughness parameter, rather than second order 
as other scattering theories: it includes multiple scatter 
and diffraction which other theories generally igncre: it 
does not involve the Kirchhoff Assumption which is partic- 
ularly suspect at small grazing angles. 

For near-grazing forward scatter from a point source, 
the theory predicts that, in addition to a volume wave, co- 
herent multiple Rayleigh scatter will generate a boundary 
wave in the fluid above the slightly rough rigid surface. 

At sufficient distances for near-grazing incidence it is 
predicted that the boundary wave will be greater than the 
direct or volume wave. 

The aim of this work, in general, is to compare Tolstoy's 


theory with experimental data. 


‘lh 





JL It ce Una Olaceg 


Tolstoy, uSing an original formulation of coherent 
scatter proposed by Biot (1968, 1973), has extended the 
faeory to obtain solutions for the scattering of transient 
spherical waves by rough planes, providing the roughness 
scale is small compared to the pulse width. Biot had demon- 
strated that if the spacing (h) between hemispherical boss 
centers was small compared to the wavelength, then these 
Dosses could be replaced by a continuous distribution of 
monopoles and dipoles. Beginning with the assumption 
d/jA<hA<s<i1, where d is a radius of a boss and h is the 
center to center spacing of the bosses, he proceeded to 
derive the equations for the scattering of pressure pulses 
radiated by transient point sources above or on a rough 
plane (z=0) for an isotropic case. After extensive math- 
ematics, beyond the scope of this thesis, Tolstoy arrived 
at a temporal expression for the boundary wave pressure. 
Tolstoy also carried his solution to the frequency domain 
fee tne use of Fourier transform techniques. It is here, 
from Tolstoy's equation for an impulse Fourier transform 
for the boundary wave solution, that this experimental 
memrt cation starts. 

The spectral amplitude of the boundary wave P, GJ) given 
by Tolstoy (1979) is 


elo sah [ J, [aX] «Yea Kl] ute 





where € is a scattering parameter (proportional to volume 


Prescatterers per unit area), and 


WwW - 
S Ke 
Hor 
Ke >>. 
Siem reld substitutions for the Bessel functions allow the 


equation for the total scattered field to be written as: 
Y, ek (2425) 
Rif}- = 2 o oot eat’ tare 2 (FEI 6 sin( kr-” %)e (2 
where for close-packed hemi- 
spherical bosses of diameter 
Ola 2 telly abe elatie 
é= 8.85x107 27cm 


k = W/o = 2nf cm 


3.43x10 
r = range of source to receiver in cm 
Heo mone stn Wer uz 
zZ.= height of source in cm 
Zz = height of receiver in cm 


& = wena oreo 
r 


For the case of the source and receiver on the plate 


2, fmze—= ©) this equation reduces to 


} yy 
ma) =P (f) = a k* — oa é(21r) i. ss 


which can be readily solved for various range and frequency 


Penmoinations. The direct volume acoustic arrival, for the 


1? 





; : it 
impulsive case 1s a Oe m/e) and its spectrum: 


-| 
R= [2m] ve 
ines tne ratio 


J 
1. of 
P/P, = €(2rr)? kK 
Pele w= 2 = 0 (5) 
calculated for various ranges and frequencies, that is 
compared with experimental spectral amplitudes as the major 


effort in this thesis. (See Section IV - D for experimental 


procedures.) 
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Met ween otnn Om FACT LETTERS 


A. OCEAN ACOUSTICS LABORATORY AND ANECHOIC CHAMBER 

Due to the close proximity of the Ocean Acoustics 
Laboratory, where the data collection and processing equip- 
ment was located, and the Anechoic Chamber, where the ex- 
perimental apparatus was located, it was possible to 
collect the analog signal and digitize it in real time. 
Data acquisition and processing were accomplished using a 
digital computer system composed of four primary components, 
interfaced to provide high speed analog to digital conver- 
Sion, digital processing, data storage and data printout. 
The design was developed by the Special Projects Section 
Srethe Naval Air Development Center in conjunction with 
Pinkerton Computer Consultants, Inc. of Warminster, 
Pennsylvania. The four individual components are described 
below: (see Figure 1) 


mee tinuwerdata Model 70 Computer 





This digital minicomputer is FORTRAN and BASIC 
programmable with a 64 thousand byte core memory. In ad- 
dition to the core memory, data can be stored on magnetic 
discs. 

meer noecnix Anmalos to Digital Converter, Model ADC 7/12 

The ADC analog to digital converter is a high speed 

device capable of encoding +10 volt input signals in digital 


form and providing an accuracy of 0.005 volts in 20 volts. 


i 
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Figure i. Ocean Acoustics Laboratory Computer System 
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The maximum sampling rate is 450,000 samples per second; 
however, rates of 256,000 samples per second and 320,000 
samples per second were used in the experiment for optimum 
experimental frequency resolution. 
3. Texas Instruments Silent Electronic Data Terminal, 
Model 733 
The TI 733 consists of a keyboard used as a program- 
ming input/output control device, a printer, and a playback/ 
meeord Section used in conjunction with digital cassettes. 
fm Orbis Model 76 Diskette Drive 
WremOrmote Model 76 Diskette Drive is a small, port- 
eeenedirect access, 256 kilobyte floppy disc data storage 
device. TheSe magnetic discs provide the capability to 
Store large quantities of data for later computer analysis. 
The overall system facilitates rapid, accurate processing 
of any desired type of analog electrical signal and was used 
mainly for frequency analysis using standard Fast Fourier 


Transform algorithms. 


fee 2QULPMENT LIST 
A list of standard equipment referred to throughout 


the text 1s given below: 


~ Abbreviation bul. Deseription 
Scope Tektronix Model 545B 4-channel 
Oscilloscope 


me Counter 52231L Hewlett-Packard Model 5223L 
Palcoeuie Cra Gc Oun Ler 


LG 





RS648 Timing 
Simulator 


Wavetek 114 
Wavetek 114 


Frequency Counter 


RMS Voltmeter 
Digital Multimeter 


Folse Transformer 


DC Power Supply 
fe 3550 Filter 


mem 133 Preamp 


MIC Power Supply 


Source 
mecelver 


O-scope 


MIC Preamp 


Interface Technology Model RS648 
Mme > Lm la cor 


Wavetek Model 114 Function Generator 
Wavetek Model 144 Function Generator 


Donner Model 8050 Frequency/Period 
Meter 


Fluke 8920A RMS Voltmeter 
Fluke 8000A Digital Multimeter 


North Hills Wide-Band Pulse 
Mmanst ormer 


Lambda Regulated Power Supply 


Krohn-Hite Model 3550 Frequency 
Je a ti Gee. 


Princton Applied Research Model i113 
Preamp 


B&K Model 2804 Microphone Power 
supply 


B&K Model 4134 Microphone 
B&K Model 4133 Microphone 


Hewlett-Packard Model 140A Dual 
ligaccmucc MialigseO pe 


B&K Model 2619 
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IV. EXPERIMENTAL DESIGN AND PROCEDURES 


A. TOLSTOY ROUGH SURFACE MODEL 

The experiment required that sound at near-grazing in- 
cidence be sent and received over a slightly rough rigid 
surface. More specifically, the surface was to be composed 
of hemispherical bosses with maximum hexagonal packing 
density. To achieve these parameters two rectangular Pieces 
of =" aluminum plate were cut with the dimension of 100 cen- 
timeters by 82 centimeters. One-half inch holes were drill- 
ed and tapped along the center line of each plate at 10 cen- 
timeter intervals. Threaded plugs and two non-conducting 
threaded sleeves were machined to hold the source and 
receiver at various distance combinations on the plates. 
Next, edges were fitted on one plate and a layer of #9 chill- 
ed lead shot, 2 millimeters in diameter each, was poured on 
miessurtace. Using shaker table methods on the slightly el- 
evated plate, maximum packing was achieved, (See Figure 3) 
Thinned rubber cement was then poured over the shot to in- 
sure adherence to the plate and to fill the spaces up to the 
equator of the spheres. (See Figure 4) The smooth and the 
rough surface plates were then suspended by wires in the 


anechoic chamber. (See Figures 5, 6, and 7) 


Bee SOUND SOURCE AND RECEIVER SELECTION 
Several sources were investigated including an l[onovac 


exponential horn, a B&K Model 4138 (1/8 inch) condenser 


Wy, 





HOO em 





*Source located in this position for all data presented 
unless otherwise specified. 


Figure 2. Rough Surface Model Drawing 
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Figure 3. Maximum Packing Density Of The Hemispherical 
Bosses (Magnification 15x) 





Peco hu bberseencent Pate to Equatorial Plane Of 
Bosses (Magnification 33x) 
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Figure 5. Smooth Surface Control Plate with B + K 4134 
Microphone Positioned at Twenty Centimeters 
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Figure 6. Rough Surface Plate With B + K 4134 Microphone 
Positioned at Twenty Centimeters 
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microphone, a B&K Model 4136 (1/4 inch) condenser microphone, 
a B&K Model 4133 and a Model 4134 (3 inch) condenser micro- 
phone and a B&K Model 4145 (1 inch). condenser microphone. 

With these piston-type sources embedded flush in the 
merce and by pulsing the sent Signal, it was possible to pro- 
duce acoustic pressures almost identical with those produced 
by a hemispherical radiating simple (point) source of equal 
strength, except for the presence of a directivity term. 
The directivity was investigated for various frequencies as 
Meme tion of source radii (1/16, 1/8, 1/4, 1/2 inch). The 
1/8 inch diameter B&K microphone most closely approximated 
a point source, however the maximum acoustic pressure gener- 
ated was lower than for larger sources. The B&K Model 4134 
(1/2 inch) microphone was selected as the best compromise 
mom@elarge output with nearly omnidirectional radiation pat- 
tern. This micropnone could be driven with a maximum of 
BO volts DC and 35 volts (RMS) AC and approximated adequate- 
ly a point source for the wave-lengths to be used. 

Receiver selection, likewise, waS a compromise based 
on the sensitivity of the receiver and its frequency re- 
sponse range. The B&K Model 4133, with an 8 centimeter probe 
tube of outer diameter 3.2 millimeters was selected as the 
receiver. With a frequency range from 3.9 Hertz to 40 kilo- 
hertz and a noise floor at -38 dB re 1 Pa, this receiver 
provided the very best sensitivity and lowest noise available. 


A compatible B&K Model 2804 DC microphone power supply was 
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used in conjunction with a B&K Model 2619 preamplifier for 
this 1/2 inch condenser microphone. This power supply was 
electrically quieter and, of prime importance, did not drive 
the microphone heating element, thus reducing thermally 


induced signal fluctuations. 


C. DATA COLLECTION PROCEDURES 

The experiment, in general, involved the positioning of 
a source and receiver alternately on the smooth and the 
rough surface plates and recording the received signal for 
subsequent computer evaluation. AS can be Seen from figures 
2and 5, the Source and receiver could be located in any of 
nine sites on either plate. These positions as shown in 
figure 2, will be referred to in the remainder of the text 
by their a designator. These source and receiver points 
were located at ten centimeter intervals, center to center. 

With the source and receiver positioned, a 2.5 kHz pulsed 
sawtooth was sent by the Wavetek Model 144 through a wide- 
band pulse transformer with a 4 to i step-up voltage. An 
example of the sent Signal can be seen in the top trace of 
figure 12. The slight distortion in the sawtooth was a 
result of the transformer response to this relatively low 
frequency Signal. However a flat response was not essential 
to the experiment. The output AC voltage was maintained at 
Meeonstant 35 volts RMS. A 250 volt DC polarizing voltage 


was then superimposed for a total of 300 volts peak applied 
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to the B&K Model 4134 source. These voltages and the source 
frequency were continually monitored for stability using a 
Donner Frequency Counter, a Fluke True RMS Voltmeter, a 
Fluke Digital Multimeter and a Hewlett-Packard Dual Trace 
Oscilloscope (see Figures 10 and 11). 

Mm@eereceiver Signal (see second trace of Figure 12) from 
the B&K Model 4133 microphone, with its associated 2619 Pre- 
amplifier and 2804 Power Supply, was then fed through a 
PAR 133 PreAmp with a gain of 10. It then passed through 
two cascaded Krohn-Hite Model 3550 Filters, high passing 
above 1 kHz and low passing below 100 kHz. The filtered 
Signal was then amplified by another PAR 113 PreAmp with a 
Beam Of 200. 

The received analog signal was then sent into the ad- 
joining Ocean Acoustics Laboratory to a Phoenix Analog to 
Digital Converter and digitized. Generally 1000 blocks of 
this pulsed signal were then averaged before being Fast 
POurier Transformed by standard FFT algorithms. The results 
were then stored on magnetic discs. 

In the Ocean Acoustics Laboratory, an Interface Tech- 
nology Model RS6LE Timing Simulator was used as the master 
timer for the sawtooth generator, the sampling frequency gen- 
meetor and the actual sampling duration of the Interdata 70 
Computer. Using available channels on the timing simulator 
it was possible to trigger the sent signal, the sampling 


frequency and the proper sampling aperture from the master 
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clock within 100 nanosecond accuracy to sample any analog 
signal of interest. (See Figures 8 and 9.) 

With a pulse duration of 0.4 milliseconds, there was a 
frequency resolution of 2.5 kilohertz. The sampling fre- 
quency, was in general, 320 kilohertz which provided 128 
samples in each block. One thousand blocks, each containing 
128 digitized samples were time averaged and these values 


printed out and/or stored in preparation for the FFT. 


D. COMPUTER PROGRAM PROCESSES 

Theoretical values were calculated from equation (5) for 
ranges from 10 centimeters to 50 centimeters and for fre- 
quencies from 10 kilohertz to 30 kilohertz. (See Figure 24, 
Appendix A.) Plotting these values, as a function of fre- 
Quency or range for a specific frequency, provided the 
Tolstoy theoretical curves. 

The processing of the experimental data for comparison 
with theory was accomplished in the following manner. Sig- 
nals from the smooth plate and rough surface plate for equiv- 
alent distances were taken, Fourier transformed and stored on 
magnetic discs. These same data were also printed out at 
the terminal for real-time monitoring for consistency and 
stability. The data were printed out for frequencies from 
meeeexilohertz to 60 kilohertz in individual columns titled 
Pitude, phase angle, A (real part) and jB (imaginary part) 
eamune complex form. (See Figures 25 and 26, Appendix A for 


an example of the data format). 


28 





Ss 
SS 







system 


ing 


And Process 





re 


ISAO 


» 


iving 


Ocean Acoustics Laboratory kece 


re 


FY: 
eee 


Pie ueewGrs 


¢ 
: 
E 
; 
, 





OCEAN ACOUSTICS LAB 




















meee Pale Texas Orbis 
Model 114 Instruments Model 12 
Wave Generator Model 033 Magnetic ; 








Interface OPHELEA 
meenno lo 
a Interdata 
Model 70 


Computer 
: 
| 
i 


Hewlett-Packard 
Model 5223L 


merecsronic Counter 


<<. ©. PHOENIX Model ADC 912 
Textronix A/D converter 
Model 545 B 


Oscilloscope 
2 





: 
: 


Junction Box Signal 


EE ae Sie 
From Anechoic Chamber 


Figure 9. Schematic Of The Ocean Acoustics Laboratory Equipment 
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Figure 13. Cross-Sectional Drawing Of The Rough Surface 
Model. 
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With the transformed data stored for various distances, 
a computer program was written to form the required normal- 
ized ratio of the boundary wave amplitude to the volume 
wave amplitude, BWA/VWA. The program first subtracted the 
complex spectral amplitudes for the smooth plate (VWA) 
meom the data for the rough surface plate; for the source 
and receiver on the surface the difference was the complex 
spectral amplitude of the boundary wave. The real and the 
imaginary components of these complex boundary wave values 
were then squared and the square root taken with the result 
being the boundary wave amplitude, BWA. The boundary wave 
amplitude for specific frequencies was then divided by the 
volume wave amplitude (smooth surface amplitude) for cor- 
responding frequencies and their ratio, BWA/VWA, plotted 
versus frequency and range. These data plots were then com- 
pared to the theoretical curves calculated from eg. 5. (See 
Section V for results and analysis.) 

For the vertical pressure evaluations Gie/en) the data 
were calculated using the same program as for the preceding 
process. However, equation (2) was now evaluated using in- 
cremental vertical values Camelot aecpecitie NOorizontal dis- 
tance. Data were then collected by positioning the receiver 
probe at the equivalent required vertical positions. The 
experimental a was determined by subtracting the smooth 


surface complex spectral amplitude from the rough surface 
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complex spectral amplitude and dividing this amplitude by 
the smooth surface amplitude. 

The theoretical curve of P/ Ps was determined by 
dividing equation (2) by the spectral amplitude for an im- 


Buse in half space (eq. 4). 
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V. EXPERIMENTAL RESULTS AND ANALYSIS 


A. SOURCE AND RECEIVER ON SURFACE 

The first rough surface model (Plate 1) was constructed 
with a source/receiver hold drilled in the center of the 
plate and three equally spaced holes on either side, as 
described in Section IV, A. The source was positioned in 
hole X4 (260 cm. from the end, see Figure 2) and the re- 
ceiver was then moved form X5 FO Xs and finally to Xj eng 
these initial runs two cycles of the 2.5 kilohertz sawtooth 
were sent and a sampling rate of 256 kilohertz was used. 
The B&K 4133 receiver was positioned flush (z=0) in the 
plates without the microphone grid installed. A run was 
made at 10 centimeters and every fourth point was printed 
out giving the desired 2500 Hertz multiples for evaluation. 
This data was compared favorably with previous recorded cata 
and showed excellent consistency up to approximately 
mecilohertz. 

In hopes of improving higher frequency stability (~25 
Mmimonertz and above), a B&K 0.32 centimeter outer diameter 
probe tube was attached to the receiver. All subsequent runs 
were made with tube installed, primarily to protect the ex- 
posed diaphragm, Since very little enhancement was observed 
at the frequencies of interest. 

These data showed, in general, excellent agreement with 


mreery. (See Figures 27 through 30, Appendix A). 
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Next, two runs were made reversing the B&K 4133 and 
4134 microphones. The data collection procedures were mod- 
ified by taking a data set at a given distance on a given 
plate and then after several minutes, another data set was 
taken before the source and receiver were changed to the 
next position. The first smooth data set was then processed 
with the first rough data set and then with the second 
rough data set. This procedure was also used for the second 
Smooth data set. The results were then plotted. (See 
Figures 31 through 33, Appendix A). The excellent agreement 
with the theoretical curves of these data, would appear to 
have ruled out any adverse temporal effects on the experiment. 

The BWA/VWA of these same data were then plotted for 
Peeerric frequencies (10 kHz, 20 kHz, and 30 kHz) as a 
Funetion of range. (See Figures 34 through 36, Appendix A.) 
These preliminary data also showed excellent agreement with 
theory to their limit of 30 centimeters. However, further 
evaluation was required at greater source to receiver 
ranges. 

Before continuing further, it was decided to try and 
determine if any Significant spatially induced data fluc- 
tuations were generated by the frequent positioning and 
subsequent adjustments of the source and receiver in the 
plates. To check this, the source was removed and replaced. 
Data were collected and compared for each individual run. 


(See Figures 37 and 38, Appendix A for multiple data 


BY 





consistency.) From this test it was concluded that the 
positioning of the source and receiver at z=0 could be 
accomplished to within approximately a millimeter, and thus 
that the positioning could be considered equivalent for 

all runs. 

Due to the fact that the source/receiver positioning 
holes were one-half inch in diameter, it was necessary to 
fill in with dry bosses each time the receiver was reposi- 
tioned in the rough surface model. To investigate the sen- 
Sitivity of this parameter on the experiment, five consecutive 
packings were accomplished without any significant fluctua- 
tions in the transformed data. Thus it was concluded that 
the repacking required for each positioning of the receiver 
could also be considered constant. (See Figure 39, Appendix 
feror data.) 


Source/receiver positioning holes x, and XQ were dmiived 


O 
in both plates to extend measurement capabilities to maximum 
range available. However aluminum shavings adhered to the 
surface of the rough plate and a new surface had to be con- 
Semeueted (Plate 2). It was also decided to try a dilute 
polyurethane as the adhesive/filler vice the rubber cement. 
Two data runs were made with the source positioned at Xo 
and the receiver progressively positioned at X4 through Xe 
The plotted data showed considerable variation when compared 


to the previous results for Plate 1. (See Figures 40 through 
47, Appendix A.) 





Further investigation revealed that the wavelength of 
the two cycles of the sawtooth, coupled with the minimal 
20 centimeters travel between the source and edge of the 
plate was inducing coherent/incoherent signal interference. 
In addition microscopic inspection of this surface revealed 
that the bosses, in fact, were covered to a greater depth 
than their equatorial planes and that there were air spaces 
under the equatorial plane. However, these data still 
showed fair agreement with theory. 

A third rough surface (Plate 3) was constructed with 
rubber cement as the adhesive/filler. One cycle of the 2.5 
kilohertz sawtooth signal was sent with the source position- 
ed at X4 to insure that the previously stated problems 
would be avoided completely. These data once again showed 
excellent agreement with the Tolstoy theoretical curves up 
memone 27.5 to 30 kilohertz region. 

These data were also plotted as a function of range for 
Specific frequencies and compared with previous data runs. 
They also showed excellent agreement with theory at fre- 
quencies up to about 15 kilohertz for all tested ranges. 
However, as the frequency increased these data diverged 
with range relative to the theoretical curves. (See Figures 
meminrough 60, Appendix A.) It was felt that attenuation 
effects were the primary reason for this divergence, as these 


effects are not considered in the theory. 
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Since this was the third separate experimental rough 
surface and since the results were consistent with theory 
to approximately 30 kilohertz, it was decided to attempt 
to intentionally smooth the rough surface and thus change 
the roughness parameter (€). Lightweight lubricating oil 
was poured over the bosses until only 20-25 percent of the 
Surface area of individual shot remained exposed. A data 
run was made and the results plotted on Figures 61 through 
64, Appendix A, as a function of frequency. 

Because the roughness had been decreased (smaller €), 
aS expected these data were displaced well below the pre- 
vious data for the hemispherical packing density. A set 
of smooth data was substituted as rough surface data and 
processed to evaluate what happened experimentally as the 
difference between the smooth (control) plate and the rough 
surface was decreased (i.e. roughness parameter reduced). 
These results showed the curve displaced well below the 
theoretical curve for the hemispherical bosses. [In fact, 
the ratio BWA/VWA differed from zero only because of noise 
in the signal processing. This procedure was undertaken 
mmply aS a sSidelight to investigate the relative sensi- 


tivity of the experiment and theory to the surface roughness. 
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A fourth plate was only partially constructed and never 
used. Plate 5 was the final rough surface model constructed. 
A final data run was made to a range of 50 centimeters and 
mrese data plotted. (See Figures 65 through 77, Appendix A.) 
Once again they showed agreement with theory except that at 
increasing range the ratio BWA/VWA drops away from the 
freore sical curve. This appears to happen at kr=100 and is 
presumably due to attenuation. The composite Figures 14 
through 19 summarize the experimental work for source and 


meeerver on surface. 


Be SOURCE ON SURFACE; RECEIVER ABOVE SURFACE 

The source and receiver were positioned twenty centi- 
meters apart and data sets were taken for individual runs 
by moving the receiver probe above the plates in one centi- 
meter increments to five centimeters. These processed data 
were then plotted. (See Figures 20 and 21.) This entire 
run showed much divergence when compared with theory, due 
to the fact that at twenty centimeters hnorizontal distance 
and for vertical distances above two centimeters the angle 
of inclination was excessive to compare with theory. 

The same experiment was repeated with data sets being 
collected at one quarter centimeter intervals to a maximum 
height of two centimeters. These data were processed and 
jotted. The ratio, Ee to Pg, was plotted against range 
for specific frequencies. The results were then compared 


to calculated theoretical values. Fair agreement with 
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theory was observed from five to fifteen kilohertz. How- 
ever, the results diverged from theory at frequencies above 


Memionertz. (See Figures 22 and 23.) 
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VI. CONCLUSIONS 


Using the experimental rough surface models, it has 
been shown that for kh<i and for ranges less than kr2100, 
when source and receiver are on the surface the near-grazing 
incidence scattering is in excellent agreement with the 
Tolstoy predictions for the boundary wave behavior. (See 
Figures 14 through 18.) As the range is increased beyond 
fm 1t00 the experimental data diverges from theory. (See 
Figure 19.) This divergence is due presumably to boundary 
wave attenuation processes which the theory does not include. 
For the receiver above the surface the experimental 
values of the scattered sound show some agreement with the 
theoretical predictions: for example the dependence on 


receiver height 1S approximately parallel to theory. 


ae 








APPENDIX A 








(S19Z9UTZUSD UT OFUBT = J) 
°2) SONTVA TBOTZPRIOOUL koastog- 1OTG “he eAINsTYy 











Sie 65'°T ara? 916° 0 PXO"E 
to't OT T uae 908° Obes a2 
es eo 186° 969" 0 bXS 2 
Oger 40° T otQ ° 465 ° pOlXae'e 
00'T €99° (a 86n" 0 EXO"? 
€2g° “A 64S ° aie Obes aT 
9479" 095° 454° gen Ole | 
861" oie HSE OSZ* yO bRa eT 
Ge° COC" cca Oeil {0 bXO'T 
Of=4 Ot =4 OZ= bows ZH ouanbaty 


0 
4 2(4uz) = wMA/vma = 9a/°a 
c/t ¢ 


2) 





PERFORMING FFT. 


FREQ ANE 1 Te Furi € filial & iH Je 
", JU Sa)! Wate tl 0), Se S207) en E) See 
ee NEN, ae 2) ModE of - 4146 cn mW. 2SRnE6 ne 
Sn, Dire SU) M.S ti Mane rey esc EO 
<p OU eee uly Ae | Se I Se 2 UL NW ,2eSE On 
po, NMobide O21 =e ONT eel ey =—Hi,1SSe Gu 
ee MoLdsse =Um@ece, Us mMoyur1e at -",11%E 4 
ro, me, 1 See. UL] =e =e tt} DN Sl Gat Se =i yoy ee 
en, moise ot Se O(a | =, 244 = ‘See tt 
enna, Se Ze Oy ieee il] =), %n2E "4 = a ae ie 
echanu, MW, te SE et NL,2°4E 4 ae 10 M,140e8 non 
SS, 2 seE ieee =. 203E 44 G§,129E of 
7 Sin, 200 SOL NW,240E 1 “".1465E 49 N,134E 94 
ayn, moire on Weedee | ii Silty, tovad Sie ulh | M,14¢6e 40 
Se50 . NPase on NliSeAe 1 -), S37E=-1 HS ol Sets S00) 
AUN, ye) ee Se Meals lis, Wo! -" 4336-92 ise oe 
ae O00 1, S0n&— of Mei4i1& 41 eis se — 10) J es) = 
4000, mu, 7036-41 Wey ae O11 et N.569CE~')) 
ye Sr Oth Cl Se el | ie tale ee) Wee se — Ny Nn, 468E—91 
$5000, Uy ee 1B M.11I9E 1 Heel e— 4) NM, Leek 
tg eli, Wis Gayle) Sas MloiSsE 01 -, 27 3E-93 GQ. 2126-91 
=P ULUUDD i ee ete ie ieee Oy -, 3416-2 NV. 2616-9) 
ae aA mN. 2616-1 MLLSS5E 1 ieee lee — Oe Woe ale=ot 
ste MUU Ceece a ras 0s) =", 305E-%2 WV, 2496-0) 
aa i, 2 see §G9.292CE 1 —-",194E-1 Hee Vea Suh 
Ann, Woe soe 1 O.,LPWE 1 -4,7590E-9e mM, 2ele-O1 

eS POINTS HAVE SEEN WRITTEN ONTO FLOPPY. 


PERFORMING FFT. 


ear FONT s 


Figure 25. 


Have SEE 


LIRITTTEN ONTO FLOPPY. 


FRE ali oe On Gn GE Pie & Mole H Je 
"%, Geis sie oat 9.3146 1 see lee eee BoM RAs BE 
Say, ly Cea ee eed ae at tel Wome Oe | 19 
SUE We Ves ey ee 2) Ss 0 G7, a7e 99 eee 0 
FHI, Js Peele) SUN Ws ge =O) A,783E 4 Wea 2e= 9) 
VL A SUD bate 1 -9,428E 9 G2rGee 01 cod ee ad 
Nese LU Wolt2e 91 me Meas segs | N.403E 99 aes wey 
L300, ere 7 LEAS Bal les cee tN Nee Cel 
Lees Gly, ieee, fll te ei a oem 1 a aes Ie Sn] 
ean, Leste ie te ee vl SAS Lal Way A.412E 09 
Se iil No SHE Anas sis aul 0) ot ar ey wel Me Sea NAL 
esgun, Woe ae NC Wray eal 91) | aN tree ti We ae ne 
ee ee ees a ee Mra) We an) RO a5) SH 
SOY G.1S53E 0 Ts Wee} Esso SL Wes Se el Ulett ate 
ge silt) rset Sa hes up fice Sto = th] Ok Ne a 
SouON, Me et) ocala Des eS se Oe = 1) 
Saat. ea ee 1 N,Z292E 99 Y.54d6- 01 Ai ie eae 
= AL Yee Oe = 11 Weer (i ee oe lid Higa te Sst 
42500, ee Ves) Bie teste SN) Wap see —He Na =e 
45000. eee Wr erelehes | a ae St Nee ees 
S78 Le Ua Valea SM We Bis ny alee aoe ane Te) eye ea | 
S900, Di OU ay Seas eee. oft) ae tai = ile ape 2 et 
i OC, iuee 2 eo ee ie et Sn US'S Sa Oe ke Se 
SVEN Cele =} Weiser 1 I ot la ee see le 
Sige a Oe I as Sa | Lage hae | Sle teeta Cle On Bee = 12 
AUTON i ee Ne Ne 1 we el ce eevee = Ue NM. "S2E Se 


Fast Fourier Transform Data Format. 


oe 








FREN 
nl, 
ea, 
SHO, 
yO") , 
poaan, 
peao4. 
ee OO) 
P70). 
2angn, 
wean, 
ean, 
evanh, 
Saad, 
325400, 
Shana, 
So), Oy 
400ng, 
425900, 
S50, 
$7500, 
Hn, 
622,99. 
S500, 
ee av ty, 
SOON, 


REAL 

PN4E Gn 4 
en ile=", =f 
P25E—N2 —9 
esee-a2 —0 


LES 


=", 1196 wi =, 
<=, 8046 0 -t, 
=", 607E 4, 
-",2n036 OO  ", 
He use Hie 
MLIS1eE AG 4, 
N,1SRE 99 Qf, 
Ooi eFIeE ean 8. 
Nere temo =i, 
ie Scent =f, 


-'1, 
= EN, 
=<, 
L 
", 
N, 
i, 


- 
'j 4 


i ee 3 


Sd a 


S5S5E-01 


a — 
ZYUSE-G1 - 
Teleete - 
oe al 
SScCenu? 
L9NE-o4 
2Hre-te 


{Sve sve 


ELLA Tipike 
LiiHis 


in E 
IS9E NG 
lee 
ssZE ON 
2PReE me 
3056 40 
Soe oli 
$216 00 
eecen on 
1346 09 
S36E—"1 
i42E—O1 
ee 


eZhE—} 


-0, 7326-912 
-Y,nS6ER—41 


site) eon I) 
fe te—at 


. 7756-02 


=, 
n 

—", 
- 

Sr 


=i 


ie oe — i) 
167E-41 
144d6—"1 
1266-91 
142eE-O} 


Wie ah & 
rifiP 
NL LIE 
NoL4+4E 
h LoSe 
Niele Ue 
Nl ecelad S 
(ls Cathe alles 


vig 
meus 
yey 
nN 
mr 


rey 


oe ae 
N,61e& ON 
Q,423E6 40" 
MN. 2H6E Fn 
NL297E YO 
Q.1868E€ 9h 
lie le aw 
O,9SAa7EK"Y 
ML, Lage 0 


N.476E-91 
NN. AIHE-41 
NW, deseo} 
9.267E-91 
W.,1909E-—91 
lete&-91 
NLL vVSe-1 
No1446-91 
N,L27E-4f1 
N,14V3E-91 


ie 


NORMALIZATION 


NRA 


23aa, 
Sagan, 
only. 
1oann, 
12599. 
15400, 
ee Si. 
ean, 
Sea gty. 
2SHG0N, 
eee, 
Ssnann, 
es 114) 
aS 0000 
375904, 
400g, 
feng, 
45004 
4750", 


“- - ee = @ 


ws © 2 @ 


2 7a 


re AO, 


i ySane— a1 
H9.149E-2 
0, 7346-43 
M,1946-e 
NM, iese—2 
nN. 2366-2 
fy, 2356-42 
M1. Si8eE—-%2 
4$NNE- 492 
fies) ale Uke 
O,455E-¢2 
".49SE—-%2e 
We eee 
Nees? HE Ve 
Ni 4+ecge-a2 
aS es 
2 TE-42 
See — Ne 


Be oe oie 
1SE—-—e2 
BYE—lic 


Seats 


adh 1 


et Ree 
tl 


iL savage) Aleye 


++ ¢tetetcet+e tet 


a et fae Toten 


=i, 
tii}. 
tes 
““,110€E 
=) asiele 
= te 
—'l, 
ele 
=i. 
ets 
-f, Le 

le 
“NL 1446 


Eble “bhlA 
MN, S4NE Of 
eee ee 
NLidsee a9 
ere SU 
MN. 45NE OA 
O.4456 99 
Nl445E 00 
Nae i oe LE 
NL. PSZE 946 
tees he SU 
N.B76E 94 
N.3SBS4E 99 
NM.714E O46 
67 | ae o 
N.929E 99 
N.9650E 96 
NA, 9SI0E Og 
N,119E O61 
N.12@9F "Wt 
1 Pe) 
fa ace ag 
N.5673E 4H 
A. SYS4E 99 
Nn, S35E 90 
H,.612eF Of 


Computer Processed Data Format 


Di 


BLIP —“7 tJ 


HY. ane an 
“4,336 1 
wo NMI rend STA 
-“G,19E 41 
“N,17E 491 
“N,19E 1 

M.44¢F O1 

N,46E6E O1 

N.468E 1 
=H °19F 1 
-“N,19E 91 
-§,21E€ 91 
-.cee Jt 
“),2cE 41 
“.2e3E D1 
Sle coe a 
-N.,27E 91 
“§,2e9E 91 
-, 356 91 
oo Spee l= «Ul 
—%, 326 91 
“N,31E 1 
-9,33E 1 
“QQ ,34& 1 


-,33E 





(‘wo OT) Aouenberq ‘SA YMA 0% WMG JO oTVey ‘dz ean3Ty 


ZLYSHOMUM NI ADNSND3ZYS 
OV Sf OF Go Oc Gl Ol S 








: g 
@ 
Pe) 
bp 2 
oO 
O 
One 
si Ww 
, = 
> 
° Q = 
AHO SHL v . 
" Ol > 
SENLHLIM YAN cep? ° 
YADYN CCID ® . 
3LVY 3JIdWvS ZH 9SZ ral 
HLOOLMYS ZH G2 
Samo kO ec O2Z 2 2 bl 


AON Sale 
SHE ales Ge Ql 


58 


(°wo og) AoUeNnbetTq "SA YMA OL WMG FO OTFBY “°Q? sINnaT 


ZLYSHO WH Ni AONSNOISYS 
OV Clee or SClnnOc Gl Ol G 


AYOSHL —— 
(SGOUd| YADY CCive / 
SLVY J IdWYS ZHN9GZ ii 
HLOOLMVS ZHYG‘2 
SI ear 
WOO lt 3LV1d 
82 d3S G2 e 


Ss - 


S 


oo 
VMA OL VME 40 OILVY 


2X 


Dl 


91 


59 





(°wo 0O€) AOUeNbeTy *SA WMA OL VMG FO OT1eY 


ZLYSHO WU N} ADNANODSYS 
Of 


Sb Ob GE 


AYOIHI— 
([SBOUd) YADY CF Ib @ 
3LVY JIdNVS ZHY9GZ 
HIOOLMYS ZHNG'2 
SJIAIZS O=Z=2 
WOOF 1 3LV1d 
81 d3S Gz e 


6c os ta 


CO ne. ne 0 
YMA OL YMG 4O OILVY 


A 


vil 


wil 


60 





(°wo Of) ADUSNbeTY *SA VMA OL VM FO OT2 BY 


OV 


JUSKO) Sa lea 
(JGOUd) YADY CLIb e@ 
ALVY JIdWVS ZHNOSZ 
HIOOLMVS ZHNSGe 
Seo Oa a7 
WIOb L3LWId 
82d5dS Ge e 


ZLYSHOTIA NI AONANDSYS 


"Of eAInsTy 


© 


O “2 
YMA Ol YMG SO OILVY 


A 


Se 


61 





("wo OT) ADUeNbeaTy “SA YMA OL YMG JO.0oT2. BY 


ZLGESHOIl Nit AQDNANOAYS 
Sie 2 Ore GC Ov Ge Oc GI Ol 


"TE ans ty 





Koga —— 
c(SGOUd| YADYN Pits 
((390uUd] YADY rCclre 


JIVY 37IdWvS ZH 9G2 
HiLOOLMVYS ZHNG‘? 
S31IDADZ = O=Z=Z 

- WOOL L3LVId 
81 190 Cre 





sO! (Gh Ios 


VMA OL VMEél 


62 





(‘wo Og) ADUeNbeTY *“SA YMA OL WMG FO OTFBY “Ze aansty 


ZLYSHOMY NI ADNSANDSYS 
Sh OV 3 OL Ge Oc Cl Ol C 





AYO SHL 
ci3GOud) YADN ~PbClbe . 
l{360Ud] YADY =Pclbe / c 


JIVE JSIDNVS ZHYX 9GC 


HLOOLMVS ZHYS‘2 a 


SA OR Oe? a7 


W202 L3LV1d Jl 


Salo Osnawe 


aw 


Tee eerie) JO -Ol Te 


63 





("Wo Of) ADUeNbeTY *SA WMA OL Wma Jo OTFeY “EL sanety 


ZLYSHOMUY NI ADNSNOSYS 
GY OV GeO Sd O¢ G! Ol 


To) 


™ 


q9 





AYOSHL— 
clSGOUd) YAO pipe 
(SGOYUd}] YADYN pfibe 
JLIVY JIdWYS ZHH 9GZ 
HIOOLMVS ZHXG? ” / 
Seo en Cee eo Sf 
WO Of sSuly id 7 


BL LOOT ve, 


ei Ninvells fh) (OHM hsa 


YMA OL 





(ZHY OT) SsuUeYyY "SA YMA OL VMG FO oOTZFBY “HE SaNnetTy 


Siem ea Neo Ns ON 
OG Ov O¢ ez O01 


ec i ARR Sm a a TIE 


o <4 


ZH» Ol e 


AYOSHL — 
ZISASOUd|MADY bClbe ; 
[(BGONd| NADY bCipe 
JLWY AINYS ZH 9GZ 
HLOOLMVS ZHNG'2 
Sono Oe 
ZHMOL L3LW1d 
82 LOOg ve 


av = ore) Te) tt. 
VMA OL YMG 4O OILVY 


ne 


Bl 


65 





(ZHY O02) SsueYy “SA YMA OL VMG JO OT2eY “GE aansty 


SUSLIWILNSD NI SONVWY 
OG OV Ov Og C4 





AYO 3HL—— 
CIABGOUGIYNADY Poly 
\(S3BOUd] YADY PClp ® 
JLVY J WWYS ZHY 9SZ 
HICOLMWS ZHNS‘2 
Se ON Cee Oe Le 
ZHXOZ 1 3LVId 

82 Lo0Eve 


Os 


Ze 
JO O1LVY 


YMA OL VMG& 





(ZH¥ OF) O0UeY “SA YMA OL YMG FO OT9"Y ‘OF aan3tTy 


SUSLAWILNSI NI S3ONWY 


OG Op OF Od O | 
Sa a ee SS ae a 


AYOSH!—— 
CISGONDYAIY Clr » 
L(SGOYd)] YAY PCly e 
JLVY JWWYS ZHY 9GZ 
HIOOLMVS ZHYG'?e 
See Weaver 
ZHMOES = 1L3LVId 

GL L900 ve 


An he 





J 


=O) SON yeas 


Cc) 
YMA OL YM 


“1 


oe 


67 





948Td YZoows Jog Aduenbetg ‘SA apnytT{dwy eaAT1eTeY e1ed Tad °Z2E SINSTY 


ZLNSHOTIM Ni AONANDSYS 
OOOO SE AO” | (02 Oc. Ol 


we 
© 








3 | 
e | “T?} 
| 3 
Le 
+ | Pes 
is 
“B17 
+? 1 > 
° ae 
s ee 
4 = 
2 Viva HONOYe | 
| VL¥d HONOU + loc 
bolb HONONe | 
asic ae 


+o @ 


68 





2948Tq usnoy Joy Aouenbaay 


"SA apnyt[duy eaTzeTey eyed Ld 


BIS SILOM SIN aN BIG) 8) Blas 


G9 09 SS OS Sr Or Ce OF Sz OZ SI Ol 
es ; ve ee r 





¢ VLVG HLOOWS ¢ 
L VLVO HLOOWS + | 


vely HLOOWS e 
SEES Ee 





3 
e 


e¢ 


eee 


els, 


BINS TA 


Bee ec vive as 


Bl 


AGN LIIGNY 


SZ 


Of 


69 





syoedsy ssog [Teotsaydstwsapy 
Joy Aouenbery “SA epnyT{Tdwuy SAT VeTey eed Id ‘“6E ean3ty 


ZLYSHOMM NI AONSNDSYS 
: 02 09 OS Or of 2 Ot 


a6 ee i | 
ae zs 


7 











Naley Ope a 


| OO 
A eley 142) 


G HONON * r 122 
v HONOY o = 
© HONON + | is : 
Z HONOY © < 
| HONOY 2 oem 
81 das 62 | 

LC 


20 


70 





(°wWo OT) AdUenbeay *SA WMA Od Wma Fo OTVeY “Ot, SANT Y 


ZLYAHOMY NI ADNSNDSYS 
4 OV Ge OL Ge O02 Gl Ol C 


4@ 


AOSHI —— 
cISGOUd) YANN SElte 
\(S38CYd} YANN CClbe 
JIVY JIGWYS ZHY OZ 
HIOOLMVYS ZHYS‘Z 
Cagle cu =7=7 
WIOL 231V 1d 

82 LOO CL ; 
82 190 ZL e 


<e@ 


@¢4 


Sc a 
YMA OL VME SO OILVY 


XS 


Sk 


Sl 


ae 





(°wo og) AOUSeNbeTy "SA WMA OL YMG JO OT2EY “Th eanEtTy 


ZLYAHOTIX NI ADNANDSYS 
GY OV 33 Ov Ge? Oc Slt Ol C 


ye 





AYOJHL— 
Z2(3EOUd) YADY «CE lb 
[((3GO¥d] HANDY EClbe 
JiVY JIdWYS ZH OZE 
HIOOLMYS ZHNG‘2 
SaieOOce (O=7=7 
WI0Z 7Z@3LV1d 

8/ LIOEL + 

82 190 2L 





JO OlLVS 


( 





(‘wo 0€) AoUenbeay *SA YMA OL VM JO OT2BYN “Sh eansTy 


ZLYSHOMYA NI ADNSNODSYS 
Cr OV Ce OL Sec O¢ Gl Ol C 


Vv 





AYOSH 
ZISGONd| YADN Clb s 
\[SGOUd) HADN  ¢celbe 
3IVY SIdWYS ZHY O2E 
HIOOLMVS ZHNG'2 
Se TOM Oe? Sz 
WOOL Z3ALVId 

82 LOO EI ¥ 

82 190 Ze 


v 


e 4 


o¢ 


eo 


ce) 


OC 
TM A O sie VM | 


= 


Sl 


OC) (CIB 


= 
=) 





(°wo Ot) ADUeNbeITY “SA YMA OL WMG Jo OTFZEY “CH SANnstTy 


ZLYSHOMH NI ADNSNDSYS 


Gy Ov Comoe GC Oc Gl Ol Cc 


AYOSHL-— x 
Z(SEONd)YADY ECElPe 
\(3GOYd) NADH Clive 
JIVY JIdWYS ZHH O2e 
HIOOLMVS ZHNS'2 
SIN D.Oe V0 =7=7 
WIO0b Z23LV 1d 
82 LOOCL 
82 190 Ze 





aN 


Sac 
YMA OL WME SO O1LYY 


y 


ne 


BI 


74 





(‘wo 0¢) AoUeNnbetTy "SA YMA OG VM JO OTLEY 


ZLYSHOMY NI ADNSNOSYS 
SY OV Che Os Ge Oc Sl 


@¢ 


AYOSH1-— 7 v 
Z(SGOUd)] NADH Cite 
I(3QONd) MADN EClve 
3iVY JIWVS ZH OZE 

HIOOLMVYS ZHYG? : 
SENOS Oe 7 
WIO0G Z3LVId 


Sie OO 
82 130 cle 


o¢ 


‘at SINs TY 


NX 2) 
YMA OL VMEel 


eh 


ol 


Sl 


40 OllvyY 


ae 





(ZHY OT) esueYy "SA YMA OL VME JO OTZEY “Gh OaNnsTy 


Se SaaS N li SON ee 
OG OV Ov Oc O| 





ZHHXOL 


Wst Gk — Ol 
[IAONdINADY €¢lbe 
[3GOUd)YAIY SCLp e 

ZLVY 37dN¥S ZHM OZE 
HLOOLMWS ZHNG'2 vl 
Savor OR veax 
ZHMOL ZaLv7d 2 
82 LI0 1 « 
92 19021 ° 8 


aD 
Ui Ole vie 930 "Ol. YS 


I 


76 





(ZH4 02) 9sueYyY "SA YMA OL WMG JO OT18N ‘On OuNSTYy 


SUSLSAWILNSD NI 39NVWY 
OG OP O¢ O¢ O | 





ANYO3HI-—— 
ZHNOZ 

[SBOUP| NADY EClp 
JLVY JTWWVS ZHY dee 
HLOOLMYS ZHYG'2 
Se Cater 
ZHMO2 Z2ILWId 

82 LOOEI 

82 190 Zl e 





cO 
JO OILY 


YMA OL YM 


ac 





(ZHY O€) esueYy “SA VMA OL VME JO OT2BYH ‘dh BANnsTY 


SUYSLSWILNSD NI JONVY 
OS Ob o¢ O2 01 





= ial a6 

J> 

z. 

GS 

© 

ag) 

gS w 

=> 

> 

1S 

< 

Lote i = 

(2GO8d) ADM eClp cl 


FLVY JAWS ZH O2E 
HIOOLMVS ZHYG2 
SEO? Cave 
ZHYOL Z3LWId 
B75) Oe 

82 100 ZLe 


<P 


ie 





(‘wo OT) AoUeNbeTy “SA YMA OL VM FO OT1PY ‘Qt dINST YA 


Zi¥SHOTIN NI ADNSNOSAYS 
St OD GE OF G¢ Oc Gl Ol 


) 





ANOSHL : 
[3g0%d} NADY Celp * 
3IVY 31IdWVS ZH O2E 
HIOOLMVS ZHHG‘?2 
Ee) 0 Geen Ol? et 
WOOL €3LVId 


a OEE 





© 
40 O1LV¥ 


mS O 
ANN (OHS SiS 


“i 


Bl 


es 





(°wo Q¢g) ADdUEeNbeAyT ‘SA WMA OL WMG JO OT9eY 


GY OD 


AYOSHL—— 

[330d] NADH ely 
MN 37d AVS ZH O2E 
i OC Maem ZHENG? 
20/0 ee Ole? =u 
NOO0Z C3LVI1d 
$2 L DOnaeeere 
8/ 190 6L + 


+e@@ 


Vale eho) COU It = 18 


OF Ge 


ADINANVD SYS 


64 GANSTA 


or 


Bt 


si) O/ER real 


YVMA OL VME 


80 





("ud Of) AOUSNbe7 *SA YMA O01 WM JO OT2BY ‘0S sunsty 


ZLYSHOMY Ni ADNSNOSYS 


St OD Ce 


AYNOSHL-—— 
(S3GOUd} YADN ESlb 4 
3IVY JIdWvS ZHY OZE ¢ 
HIOOLMVS ZHNG‘2 
BOY a7 a 
WIO0E CILVId 


82 LI0 cc oe 
82 LOO6IL + 


ONE 


Ge Oc Gl Ol G 


ta 
+e 
> 
3+9 
2 @ * 
S30 Olav 


YMA OL VMe 


’ 
“ 


Sl 


ope 





(*wWo Of) ADUaNbeTy “SA YMA OD WMG JO OT2BY “TS eanety 


ZLYSHOTIX NI ADNSNVDSYS 
Gr OV ce ek Gd O¢ Gl Ol 


ce RE eS ee re te pe re ee een 


UB. 


AJO3SHI-——— o 
(3GO0Yd) NADY Selb 
31VY Jidwvs ZH OZE 
HIOOLMVS ZHNG‘2 
ap oO el Os4=Z / 

WIOb E3LV Id 
8/ 19022 ¢ 
8) LOO 6L + 





HOO EEy a 


VMA OL VME 


82 





(°wo 0G) AOUeNbeag "SA YMA OL VMG JO OT2BY “*2S dAINnsTY 


ZLYSHOTIN NI ADNSNOSYS 
ST Ov GE Of Ge Oc Gl Ol G 





; 
AYO3HL— 

(380Y¥d) NADH CElp 
3IVY IIdWvVS ZH OZE 
H!IOOLMVS ZHYS'2 
aenene Osan 
WIO0S €3LV1d 
91 190 cc ¢ 


82 190 6 + Sl 


a0) (Cll Lee 


VMA OL VM 


83 





(2ZH4 OT) esuUeYy “SA YMA OL WMG JO oT2"Y “CS 9aNn8Ty 


So 4 aN SO) NI aia 


OG OP or O¢ O | 
a aa CR ae ee asl 


ee ie C 
eee 
ZH» Ol Fi : 3 e : 
° 
+ 9 
6 
on 
AYOSHL-— 
(SBCYd) YAY SElp ck 
31VY AIdWvS ZHY OZ 
HIOOLMYS ZHYG‘? | 
aH le O= 77 
ZHMOL €3LVId om 
8/1 19022 e @ 


8) LO061 + —e 


To more ao Or Ly S 


84 





(ZH4 G'2T) esuey "SA YMA OL YMA FO OT2BY “HG eansty 


So aL SW aN Oe N | ISIN & 


OG Or O¢ Oc O | 
a eg, mm ee 
> 
@ 
’ 3 

f i + 

: @ 

ZH Gel + 
rs 
Ja OVS 5) La 


(3GOYd] YADY ECP 
JLVY JAWS ZH OZE 
HLOOLMVS ZHYG'Z 
Sino) ae Os =r 
ZHMG ZL © 3LWId 
81 19022 o¢ 
8/ 190 61 + 


tal 


aio) | 


Viv Omer) 30 Oly 


85 





(ZHH GST) OsueYy "SA YMA OL VMaG JO OT2BY 'SG eansTy 


SYUSLAWILNSD Ni JONVY 
OG Op OF O¢ oul 





AYO 3Hi-— 
(BGONd}YADN €Ctp 

JLWY JAUWYS ZHY OZE 
HILOOLMYS ZHYG'? 
MORO) OEE 
ZHNSL €3LVId 
g/ 190 7 ee 
g2 LoOo6i+ 


VMA OL YMG sO OILVY 


86 





(ZHX G°2T) SsueYy °“SA WMA OL VMG JO OT2BY °9G SuNnsTy 


SUSLAWILNSD NI SONVWY 


OS o¢ Oz Ol 


fare Se, 


ANO3HL— 

(2BOYd| YADY €Clp 
JLVY 3TdWYS ZHY OZE 
HLOOLMYS ZHYG'? 
aT 2757 
ZHYSZL €3LWVId 
84 190 22 °¢ 
82 190 61+ 





YMA OL WMG SO OLLVSY 


87 





(ZH4 O¢) OsUBY “SA WMA OL WMG FO o12eyY °*2G ean8Ty 


SYUSLAWILNSD NI 3ONVY 





OG Ov O¢ O?¢ 0 | 
+ a 
Vox 
i 
2 
r CF © 
O 
rie 
8 W 
= 
ee | 
A\YOSHL—— OlLO 
ZHY OZ S 
(AGONd|YADY SCl> Biles 
SLVY SAWS ZH OZE 
HLOOLMYS ZHYG‘? =| 
FIDDLE O=7Z=2 
ZHNOZ CILWId 9'| 
81 190 2@2ee 


g) 10061 + Bt 


88 





(ZHY S*?¢) eFueyY “SA YMA OL VME FO oT Vey "gS aInsTy 


SUJLSWILNSD NI JONVY 








OG Op ONS Oe Ga 
oT 
° a 
@ 
sq 
= 
a 
a Q Oo 
@ 
1] 
% 8 wv 
> 
O13 
<— 
(BGOYd) YADY SElp Zi 
FIWY BTWINYS ZHY OZ 


HIOOLMYS ZHNG'Z ia 
Zale) le a2 
ZHNGZ2 ©3LWId ot 
8) 190z2 e¢ 
81 190 6l + 8 


89 





(ZHH GZ) esuey “SA YMA OL VME JO OT2BY °6G saNnety 


SralBGe 1A /00 IN SPUN mea) Ons 





ere Ob O¢ Oz | 
: 
oxy 
J 
‘ = 
g O 
© 
io 
g ow 
<~ 
> 
$ O1d 
< 
on = 
ISEOUdI NADY SEL C | 
Zivy ays ZHNOZE 
HIOOLMVS ZHNG'Z vl 
JIDWIL O=7=2 
ice aaa 9 | 


9, 190 2Z2 °° 
8/ LI06L + Bt 





(ZHY G*2¢) esuey ‘SA YMA OL WMG JO oTVeY "09 euneTy 


SUSLAWILNSD NI SONVY 
OG OP ONE O¢ O | 








2 


AYO3HL—— 

(3GOYd} YADY EClp 
JLVY 31dWYS ZHY OZE 
HLOOLMVYS ZHYG'Z 
silo OuO=7 = 
ZHYSZ2 €3LVId 

82 19072 ee 

82 190 61+ 


Ol 


UMA OL V¥Me 3O OILY 


oa 





(wo OT) ADUenbety "SA WMA OL VM Jo oT7 ey 


Gy OV 


AYO3HL— 
(3GONd| SADYN = SElb 

3IVY 3IdWYS ZH O2Z¢ 

HIOOLMYS ZHNS'2 

ae O77 

WOOL €3LVI1d 

(510) 82 190 bz 


ZLYSHOMYH NI ADNANDSYS 


oe) eiriale, 1 


CQ 
YMA OL YMG 


oe 


Si 


S| 


Bl 


(©) (OlNbsea 


Ze 





(‘wo Og) AdUeNbeIy "SA YMA OL VMG@ JO OTVBY “2g 9INsTY 


ZLY3HOMYA NI ADNSNOSYS 
GP Ob GF OL Se og Gl Ol G 


® 
@ 
> 
sj On 


O 


WMA OL WME 


AYO3HL— Z 

(3GOYd) YADN EE lb / 
JIVE JIdWYS ZHY OZ 
HIOOLMYS ZHHG 
SO) 027/22 
WI02 C3LVId 
110} 82 190 2 @ 


© 


8 


JO OILVWY 


SY 


ie 


A: 





(‘wo QO€) AoUenbedyT “SA YMA OL VMd fo oTFBY “E9 


ZLYSHOMYN NI ADNSANOSYS 
GL OV oo 302 Ge Og Cl Ol 


@* 


° . 
; 
AYO3SHL—— 
[3G0Yd) NADY EElb 
JIVY JIGWYS ZHXOZE / 
HILOOLMYS ZHYG'2 ye 
SO O2r7=2 ; 


WI0E e4alVAd 
(110) 82 190 $2 


BINS Ty 


sy Al 
Caveled©) Oltaya 


© 


oO 
YMA OL 


~ 


Sf. 


oa! 


Sl 


94 





("wo Of) AOUSNbDaTY *SA YMA OL VME JO O12BY “Hg DAINSTY 


ZLYAHOTMM NI ADNSNOSYS 
Cr OY Gt Ov Ge Od Gl Ol G 





AYOSH | 
(380d) YADY Selb 

Jive JIWYS ZH OZE 

HIOOLMVYS ZHyS'2 

SOO O=727 

WIO0b f3LVId 

(110) 82 190 $2 e 





O oe) 
YMA OL VME 


a 


i 


8 


2) OO) Bb eee: 


5. 





('wo OT) AdUeNbely *SA WMA OL VMG JO o27ey “Go Soomia by] 


ZLYBHOMM NI AONANDSYS 
S72 Oy —  CletrOe. Oe. Oe. SIP Ol. 


oe ee ST ee. ft r 





& 
Q © 


7} 
YMA OL WME] JO OLLYY 


eNO) Gl as eaeaeas 


oS 


96 


(3GO8d) YADN SElp 
31VY JIdWVS ZHY OZE 
MIOOLMVS ZHNS‘2 v 
Sno Oar = 
WOOL G3LVI1d ot 


SO alieee 
Rl 


(*wo Og) AOUSnbeaq "SA YMA OL WMG FO OT2BY ‘99 aANeTY 


ZLYSHOTIM NI ADNSNOSYS 
Sp =O GE OY Ge O¢ Gl Ol G 


a 
3" 
e ¢ 
e 
> by 
e 
e S: 
@ 
® 9° 
(on 
AYOSHL—— if 

(3GONd) NADY = EClb 7 cl 

SIVY SIdWVS ZHX OZE 
HIOOLMYS ZHHS 2 ra 

SYA O=7=7 
WOO0¢d G3ILV Id Q"| 


82 AON IL ® 


Sl 


HORRY Ss 


VMA Ol VME 


oe 





(°wo 0€) ADdUSsNnbaIy ‘SA YMA OG VMG JO O12 2 "49 8INnsTY 


ZLYAHOTIM NI ADNSNOSYS 
CP OV oe Oe Ge Od Gl Ol S 


AYOSHL-—— 
(380ud) YANN EElp 
3IVY JIdWYS ZHY O2¢ 
HIOOLMVYS ZHNG? / 
eevee eve 
WIOE GILVId 
82 AON ll e 





a 16 
YMA OL 


3 2 


el 


Bl 


slC) (C/U ste 


YM 


98 





("wo Of) ADUeNbDeTT “SA YMA OU VMG JO OT2BY “*Q9 FANBTY 


ZLYSHOTIH NI ADNSNOSYS 
GY OD Clan Ge Oe Sl Ol 


- ST er 


AYO3SHI—— 
[3GOYNd) YADY = ECflb 

3iVY JIdWYS ZHY OE 

HIOOLMYS ZHYXG‘2 

Aoi LO =7252 

NIO0b S3LVId 

8/ AONILe 








OJ 


a © 


O 
WMA OL YMEl 40 OLLVY 


DS, 





(*wo 09) AoUeNbeaTy *SA YMA OG WMG fo COTTE “69° oat 


ZLSS3HOMM NI ADNANDSAYS 
CY OV Ge Ov GC Oe Gl Ol G 





sta) 9 

(390Yd) NADY = SSlb 
JIVY J IdDWVS ZH O2ZE 
HILOOLMVS ZHHG e 
Sey o) | O=2=2 
WIOG G3LV Id 
S/ AON ILI ¢ 


Cd 


O 


a 


s 
WMA OL YM) 40 OILY 


s 


100 





(ZHU OT) OsuUeY "SA VMA OG VME JO OT2PY ‘OZ aaInsty 


SUSLAWILNSD NI SONVH 
OG OV O¢ Ore on 





ANOSH L— 
(3GONd] YADY Cp 

JIVY JTIANYS ZHY OE 
HLOOLMYS ZHYG'2 
SV OEZEZ 
ZHMOL G3ALWId 
82 AON IIL ® 


VO ines 30 Olin 


LOT 





(ZHY S°2T) Ssuey "SA VMA OL VMG JO OT2eYN “TZ ean3ty 


SYUSLAWILNSD NI SONVWY 
OG OP O° O¢ 0 | 





TiS Cleaie 


ANOSHL-— 

(3G0Yd)} NADY ECly 
JLWY 3TdWVS ZH OZE 
HLOOLMYS ZHXG'? 
SOM Oe v=7 
ZHNGZL S3LVId 
82 AON Ile 


oe) 
YMA OL VMG 4O OILY 


1) 





(ZHU GST) esuey “SA YMA OL VMa@ JO oT28Yy ‘224 eANnStTy 


SYSLAWILNSD NI 39ONVY 
OG Op —o¢ 02 Ol 





Be 
> 
a 
© 
©: 
a8 | 
ZEB 
(D 
= 
Se. 
OLS 
oi < 
[SGONCYADN SCL gl 
JLVY IAdINYS ZHY OZC 
HIOOLMWS ZHNG? 44 | 
SUM OS VA” 
ZHXGt S3LWId om 
82 AON LI @ 


103 





(ZHU G°2ZT) SesueYy “SA VMA OL VME FO OT9eH “EZ aunsty 


Saati Na ONT ees oie 
OG Op Of O¢ O | 





feiapal 174 || 


AYOSHL— 

[BGONd) YAY €Clp 
3.LVY ITdWYS ZHNOZE 
HLOOLMVS ZHNG'2 
Bal) Ole == 
ZHNGZL G3LVId 
82 AONIL 





© 
inoue give sO Ol ly 4 


104 





(ZHHY OZ) ssuUeyY "SA YMA OL WMG JO OT2BY 


SYSLIWILNZD NI 3ONVY 
O¢ = OY o¢ O2 


RES (a 


AYOSHL— 
ZH OZ 

[3BOYd) NADY EElb 
JLVY J7TdWYS ZH OZE 
HLOOLMYS ZHYG'2 
HO Oar Ss 
ZHYOZ G3lVId 
82 AONIL 


ee Seeks EK 


Om 





yore ie SO 11 & 





OLS 





(ZHA G°?g) esueYyY “SA YMA OL VMd JO OT9eY 


OG 


Oa = 
[SGONd) NADY EClh 
LYY 37dWYS ZHY-8Z 
HIOOLMYS ZHNS'Z 
SOL OC] Zz 
ZHNGZ2 S3LV Id 
8/ AON II ® 


ere sides EIN ES iN | 


OP 


OM 


JONVWS 
Oc 


‘G1, eanBta 


O | 





VViore viedo Olly 4 


106 





(ZHY GZ) esuey "SA YMA OL VMG@ FO OT1BY °9O4 AINSTY 


SYUSLAWILNSD NI SONVY 
OG Op OF Oc O | 


N 


aS, 


Ce) 
Vine vviciesO O10 & 





AYOSHL— 
(S3BONd)HADY EfIp 
ZLVY 37d WHS ZHY OZE 

HLOOLMYS ZHU‘? 
FIDADL  0=Z27 
ZHNSZ S3LVId 

82 AON LL ® 


10.7 





(ZHU S'dz) oSuey ‘sa WMA OL wma JO oT2ey 42 eunStg 


SYSLSWILNSD NI 3ONVY 
OG Op O¢ 02 Ol 


es) 


SE 


© 
YMA OL VWMG 4O OILVS 







AYOSHL—— 
(SGOY¥d) NADY ECUp 
ALVY JTWYS ZH OZ 
HLOOLMYS ZHYG‘Z 
NO ere 

ZHNGLZ S3LV Id 


82 AONILL ® 
oi 


108 





BIBLTOGRAPHY 


Biot, M.A., “Generalized Boundary Condition For Multi- 
pibeeocCatlem in Acoustic Reflection," The Journal of the 
Acoustical Society of America, v. 44, p. 1616-1622, 1968. 


Biot, M.A., "Lagrangian Analysis of Multiple Scatter in 
Acoustic and Electromagnetic Reflection," Acad. Roy. 


de Beligique, Bull, Classe des Sci., v.59, p. 153-169, 


Morstoy, £., “Applicatiens of Normal Coordinate Theory 
to Very Low Fredaquency Propagation," The Journal of the 
Acoustical Society of America, 63, S60 (1978). 


lietlstey, Le, fhe scattering Of Spherical Pulses By 
slightly Rough Surfaces," The Journal of the Acoustical 


society of America, accepted for publication in winter/ 
Spring of 1979. 


109 





ee wt ote I BUTION List 


Library, Code 0142 
Naval Postgraduate School 
Monterey, California 93940 


Department Chairman, Code 61 
Department of Physics and Chemistry 
Naval Postgraduate School 

Monterey, California 93940 


Professor H. Medwin, Code 61Md 
Department of Physics and Chemistry 
Naval Postgraduate Scnool 

Monterey, California 93940 


Ledr. James M. Bailie 
504 Pondview Circle 
Piesinia Beach, Virginia 23452 


Manager Anti-Submarine Warfare Systems 
E~coueec Office 

Pagers Cdr, J. Hagy ASW 13 

Department of the Navy 

Washington, D.C. 20362 


Dee 0.0. Novarini 
Poe Cordoba 4190 
moe Cap. Fed. 
Buenos Aires 
Argentina 


Director of Defense Research and Engineering 
Office of the Secretary of Defense 
Washington, D.C. 20301 

ATTN: Office, Assistant Director (Research) 


Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 


Director 

Naval Research Laboratory 
Nace, b.0, 2037 5 
PuUliteebierary, Code 2620 


A A, 


No. Copies 


}-—* 





i Oe 


SLI 


Hees 


ie 6 


14. 


Office of Naval Research 
Poli COM mene Ina) 22217 
ATTN: (Code 480) 

AEN (@ede 460) 

Prise (Code 102-05) 

atthe (Code LO21P) 


Commander 

Naval Oceanographic Office 
Washington, D.C. 20390 
ATTN: Code 1640 

ATTN: Code 70 


NODC /NOAA 
Reekvyilie, MD. 20882 


Deol. Loistoy 
Knockvennie, Castle Douglas 
Dew. 2cOtland 


Diese selon Goodman, Scientific Director 
NORDA - NSTL Station 
Bay St. Louis, Mississippi 329520 


ONS 


f=: 

















YoG 


dad D' 





Ch pies a eg fete f Brant fh a4 bin div OB i rey tes fin)’ i 1 iwc, One oy re ey 
TG Pe Att ES AS EO aa 
J de . 0 aay mye. savor 18 rf, "i " 
TER Watete til ae iic ! fae Des ies pik y AR? iy 4 WS Ga 
Le Nips bet Ped cAR ta af pais ie ats f ees ale fi 
Sa Bi A oy w ah core rna gig, yay aise Ghia fe % ph 
3 Stel ab At delevian 3 pokegh, hi a Mae MS yd 
Pvyints per ert gt “4 ' 


oy si nits ef wy rf £7" 















Bebe x: fo § I hs 1 ¥ fe sit 
HANA ale ven ea! Shite wr 68 . sir 
J stun ob dns ranhangay tebgt: af, my ae i a Ande (ay 


fee FI AA haha Hy, ¢ f Nid 
ee Went e Tt ¥, Fx acne 




























































































*¥ ao Paosfi 
Seb LALA r 
hepa fs fetta Me ae sess ee vf aha 8 “ey 
PGE? erie Mik male Moy! abe ‘ Rey sate fet 
pa PAs A) dongle aoe, ebay Ly hi rors 
tial What ee ee knee ai Se “tet, BS: 
. eu iad Roneen beg ¥ 
’ oP ba) Sai, fy OT per a ~ ih Wale pee fe 
Mie Re ok gl neh eri tae? 4 AL tip " bs € ANG 
tian cetem att Ben Pp AAR rat 
} 7 a é Ws 
rare Ys Stefi ups bene mares Miss a Mes Pad ght at hot; aan a2 
Tae py pif se Re] fas beet papa Serle C4 vy Menara fy oat ’ me i ef 7 iy Hy hi, , ee 
Hah esl PUR Mee Sc iW et ce, £ ep tantat At 5 re MANE Sas of " { 
Pi ar Pa aes EN Ces , Ug l sna te Orqeveres fs ; ained } f 
My / & Crthed 
I zien #Aifirt'a sepa ot We Kage fags: ret ow crane Meo Rol mo fag Fa etee faye as 
U : : P rar] rete nak» 4 
nent’ Pdi he tein Bie: rs HORE Oe j- sae Penal bef Poeey Yt 4 “ 
a fe, “4 ; ¢ i a 
at Eta a ene eT eA PMR take ish e She aa certs th ok 
‘od faistest, ' , 
ata iia hoc tiate RM S44 Faia F egh tehigent tenth lem ae 
Mate: Neal Meet ANP IH: 8 seston Dae: aie °@ (une g 1 ay, 
Feni Sia fear aii oy A nbs ja i ts Ps Pg? ; Ls { sigan 
4 opt aih > Higa r ‘ hailes v a 
‘ aed: r f VE u4 
” ot a 2 os eee fide | to af ‘é gf," - i 
se 4 Motfeft gh W4ie Pa Bh Sete aghpae foot ‘ 
OF 0A. hei SM aes ooh. A ‘ f 
PPTs 5 MBY IE Of wall of “4 f et f 
ip Ae eu Ee Be * ‘aig sate re teice aves ' » fai ‘ af. a 
"| wl eK ot nf , z fo oy . 
FON beard! ay Ip yuace pF pd y) ee , Smo (hee f Hash Wanigas a TT fp 4 Af a ae iy ‘ ak \ abt J he f 
soley 4 oa oes Aig oe y a3 WA at Me aipher sf fe , v4, uh marys ‘ ne 
. gan Liemad fle ¢ ; tee it ly Mie g ¢ sy tf aie My cp ‘ w  febholis eg 8 3 4 i fant ! f 
Hobbie eve fev ¢ Pefeh earl. bot Hales Yo® Halote Gaile 0% oat futhoasutr ia Je ¢ ‘ne Woe fh 6 t 
WAC ‘silence tS Pt ie bik, eter aS CoM ee cp hegonek. qn ea ae Af HB. WG hes, rie WParng 4 rit : eye 
fi seSche'oishervgriviv, mete ige, oi lie Mi dotn Sha yore te ek Pernt Ay v4 A ‘ ¥ 4 a ag , A 
be oFie he oie: f “4 oe * rae nut ah A i- f i y * t ie ae, | fer oe ‘ ti 4 oh Ala hi ys B ‘ “ 4 
it see Alp af an 5616 x - Mgt cantatas 4 a eh gy wiles AA ot A ~f won PET oe } tn ae she : 4) Sfaw t + a : 
Air a Haste 3 ss ERtevetes Folite i ee ube Fede foe ai eek evn’ OE Meta mei yh . “ | he, fe 
hea Alin wat, Sab ute dae Le ee 2 } OR fog thy oe "eG $ Mie oglit "9 ORG Wes tity f ‘ 
e. pees * a ley } sole 9 Be akony at, pyr SOW de 4a! wo nagcyalt Ay ot a 8 stg r f i! : 
ae. ft ? ja bt t-te atta hl ’ 4 ‘ ne! tie * aff 4 f yor U e0 
7 Gober * Op BAe ode a ee Fy psi : an ak . o uti tte “ne one Bed ae, Het Cis ih be! a ‘ of 4 ; He “¢ ' 
Fill Sp AO Se DPT A od ona Bo er thrad aA nee A atl ym ey ; pi tel 
id Pol ibotye Stile $ dy ye SFE Groh eF ebb de oy) Mae Sip of 4 of beg F i t 1 
ADMIRE Who he Aiea oe Sy Bed ht } hd a] - ' _ rics 5 j ; , 
Wat's Ue ey . y 4 HM od earn dé oy - Fs f ¥ #9 iti : { « r 
haat ae id, é ve ‘ elt ‘ y F F ? 
pit emt edeacg noun" A ated A sgines Ney bokedbgos ely ee an oh POE: defo 7 re iy # ty ‘ 
' ‘papers ‘ Gof) nlp a HOR we pee Bc Motes a mahi a f ; ‘ ‘ 
I dood 410 Bit kedoan Ké Fite apheat, >a GOs Mate cetos - a * f P 
NA AK wh bG8 ey dis) ohn ar At i, Redden Serer tt ist « t ‘ 
sur 4 * 3 pr i : . J PAP é vf s 4 ‘ oy ze ; s 
wrk SOrANE asap ae Owe ol rhevirgy “Aleve ie J he Co a r 
wile bind niet oe <Os6o8 : es : fie wl F 
re fe! i r P H 
Nett bof : ten RS rf : 
hh ee ee are , . a ath ‘ ’ r ri 
SR TS and peed * tH fers ie Nira aad os Ags { 
¢ , detects Ze hed ¥. # ie es bate a 2 f , , 
a al a" . 
H ‘ S sus # I ' 
x ig Facies F y é + 4 
Co fa tta i tale / ' ‘ 
S whfenie a f boy's =the : ~ A 
1 P + y ny 
- Cid . iy pas q MY ‘ $ ‘ 
lie dale Te m a = on : B . x . 
7 Ded ’ ole 
a i — J o« Prh dey 4 F ‘ 
ry , ve ‘ : : , 
‘ 1 f * & - pc - 
br ; ' 
rhe oh é Fr 
ast. ¢ 4 oats “ - f 
t 
Hep . > OH Sen Pr 
L » . » 
Lt ioe a ' 12 A ‘* / A 
i fs a mh he wie ‘ 
‘ ~_ jue ?. : e al ms « 
" 3 * t . 
tre 4 
s f 
a . 
2 “ 
P a 
act? a! » 4 
“ , ~ #, 
- d 
» ae 
° 
a an Ae . 
° 
. - 
“ ’ ire * 
at 
; * got ‘ 
v 
, 
4 
o - 
. 
‘ 
2 
*. ‘ 
aE 
- : 
a > 
‘ = * 
e £ 
- > © 
> 
+ 
* 
1) ORE ore ars ; , ; 
> 5 
oe . Ay = , 
» ~*~ 
+> e ¢ ae , 
i bb 
>: FANS t 6 . . 
| = ay 
x 
‘ 
¥ 
ne 2 
4 ' 
4 i 
' * \ 
4 se - 
| 1] 
hae , 
: » a4 
t 
ore ie ‘ 
os t ay * 
ear : . ‘ Ni V3} 
“2 “yr. Ea yror een, =. -\ SER eae isu : v Le eee rz 1 AS ey . 
x Se a 7 « ee \ = . < e+ ~ ' . = ed \ ’ 
f BANS Ae ee aS Se hice vr <a f eee & | tein yy Yes 4) Aha 4 
mt Wires: ts 4 pee rAd Raat rent tras ee Toa SA =ES <b > ot ; Ubsich: . 
~ “nua ra he N h- Ae Ue se Se Sg et, hen I , 
pyetealnugs THES pabings Raicicn hh et leben at bi oh th wehmgee. € edi & 
~ eked BORG AP a i Ys deck a We Le rt Aa ie t ‘ ye t . 
2 Mat ot We ape i 8 r MALn® A ~ a) 
« wy r o 
Penuan wae Avi ee by , ' \ 
~" i) uy 
nes 3 : b ‘ 
iy. Lak | . 
Seay ' / J te 
ae \ 
Saal ‘ 
> a SE Me i b] 
POPs Ae y ety ‘ i 
ASSP Pardes » % 
inchs COOTER . a \ 
ert, Ee: AS ¥ iohkees % 4° WO GE Wh Weave) tL. 
' . 2 Me diagee a ay Ls - ) & . 
ats Rat ty BORE, See tae “een the sx sis : * ha Ath awe bh ius ‘ m. ‘ : ein 
Wurktatenas * NN ea oh eat WY! Kev ie ‘ Aly ALSO oY, Te ae Net ee 4 ‘ 
unk eS eS REA cinet nia pre tet me Y 40}, Ath ENC Bee A on N ‘ 
in PASS WPA. Ma ies 4 a nee sae aN 34 a BA ee AW Ft Ak YS a ‘ 
hes . Te Se Ci a ee ssa oe WL Pat BT 4 Y Soeey f F era 
a yd ad. Kad a) aN Unb os et Aa Cone Wh aves ee AL + tw 
: ; 5 yw « r ' ij 
vena ‘A nk . , as \ & rn Si yk DT ¥ au P By te iy 4 ¢ nwt : , 
aR es v " eo. Hm A, AY i wh he ins mS 1 x | ¥ a a R i 
XR RR ee ew ath ny, he ud \) 
bby ve ey ih Garang YP hk Ve ty i A 
To Are et) WANS eral bee: fh Ve thie y Ye 
AUN LAN a SSN, eiteaels CaS Sits Be ge 
Ahi ile : 3 4 re 
io 9g) HY EMG GORE, > ek 4 
Raa Se bor A . 
me oN a Wot a * 
An vee ee ; 
Naty it » { tj 4 3 
a’ ? 
Wb ay 
a ee vi 
y" a ; 
et jain t WA hb 
uti: ai ae 


t he Rh tay 4 
% ye \ r . 
a a yy + K ch 


